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SOIL MIC:roNUTRIENT PROBLEMS AND· RESEARCH ·IN WESTERN CANADA 
Abstract 
Dale J. Tbmasiewicz and J.W.B. Stewart 
Department of Soil Science 
University of Saskatchewan 
Saskatoon, Sask. 
Micronutrient deficiencies have been recorded in a few Western 
Canadian soils. This paper reviews the published work on zinc, 
manganese, copper, iron, boron and nolybdenum in Western Canadian 
Soils and plants. Suggestions are made for procedures that coold be 
employed by soil testing laboratories and research agencies to 
identify deficient soils. 
1. Introduction 
Knowledge of micronutrient deficiencies in Western Canadian 
soils, and of the effectiveness of plant and soil tests in identifying 
. them, is still very sketchy. However, certain deficiencies have been 
observed and others can be expected as cropping continues without 
micronutrient fertilization. 
Although several soil and plant· tests for micronutrients are 
offered in both public (Table 1) and private soil testing labora-
tories, accurate criteria for their interpretation under Western 
Canadian conditions ·are largely lacking. Published sufficiency/ 
deficiency levels established elsewhere are commonly used when 
required, with isolated cases of locally determined criteria (Table 
2). Most of the research work to date has attempted to determine the 
validity of critical levels for micronutrient tests under local 
conditions, and identify deficient soils. The elements of concern 
have been boron (B) , copf>er (CU) , iron (Fe) , manganese (Mn) , 
nolybdenum (Mo) , selenium (Se) , and zinc (Zn) • 
2. Western Canadian Research and Publications 
2.1 British Columbia 
The B.C. Leaf Analysis Service publishes suggested concen-
tration ranges for B, Fe, Mn, and Zn in fruit tree leaves, grape 
petioles, and tomato and cucumber leaves (Tree Fruit Production Guide 
for Interior Districts 1981, Grape Production Guide 1981, Leaf 
Analysis for Greenhouse Vegetable Crops 1977; B.C. Ministry of 
Agriculture and Food). For these crops, foliar analysis and foliar 
fertilizer application are more cornmon than soil analysis and soil 
fertilization with micronutrients. Ashby (1969) considered the 
usefulness of soil analysis to be limtied by the deep rooting zone of 
trees and the lack of good availability indices for most micro-
nutrients except for hot water soluble B. The B.C. provincial 
laboratory currently tests soil forB only (Table 2), and suggests 
that B fertilizer be either applied to the soil or as a foliar spray. 
Table 1. Micronutrient analytical methods in use in i:;oils laboratories in Western Canada 
Laboratory 
British Columbia Soil 
Testing Laboratory 
Alberta Soil and Feed9 
Testing Laboratory 






Manitoba Provincial Soil 
Testing Laboratory 
Extractant - available micronutrients 
















Cu, Zn, Se - HN03/HCl04 
others - dry ash, 
acid leach 
Fe, Mn, Zn - HN03/HClo4 
Co, Cu, Al - dry ash, 
acid leach 
HNO/HClo4 
B - dry ash with 
CaO, acid leach 
lLindsay and Norvell (1969, 1978); B.C. does not presently offer DTPA test, but plans to. 
2Methoddeveloped by M.K. John, H. Chuah, and J. Neufeld; unpublished. 
3Gupta (1979). . 
4cupt~ and Stewart (1975). 
5Bhella and Dawson (1972); modified. 
6netails of methods may vary among labs and elements. 
7rnductively coupled plasma spectroscopy. 
Bwolf (1971). 
9A plant Se test is available: HN03/HCl04 digestion and fluorometric determination. 
Elemental determination 








B - azomethine-H 
colorimetry 
Atomic absorption 
B - azomethine-H 
colorimetry 





Table 2. Criteria used in interpretation of micronutrient Ioil 
tests in provincial soils laboratories in Western canada 
Critical level (lbs./ac in soil of 0-6" depth) 
Element S.S.T.L. Manitoba B.C. 
Cu .40 




1.0-2.0 ~ marginal 





( > 7.0 - toxic) 
M;) 0.10 
(> 1.3 - toxic) 












on crop B 
requirements) 
Other micronutrients should be foliar-applied only. Recommendations 
are based on crop B requirements as well as soil levels. The origin 
of soil and plant criteria for micronutrient recommendations in B.C. 
is unclear, as records of field correlations were not available. 
However, the only extensive long-term use of micronutrient fertilizers 
has been in B.C. fruit crops. John (1972, 1974) studied extractable 
soil Zn and oat and corn Zn uptake from B.C. soils, but did not iden-
tify soils on which the crop yields were limited by Zn availability. 
Lowe (1978) surveyed Cu levels in the Fort Fraser-Vanderhcof 
area, using diethylenetriaminepentaacetic acid (UI'PA), ethylene-
diaminetetraacetic acid (EDTA), and hydrochloric acid (HCl) extracts. 
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M'PA was considered the rrost ~ppropriate extractant for the near-
neUtral soils eocountered. Only coarse textured soils had DTPA-cu and 
-Zn levels below.0.3 and 1.0 ppm respectively, marginal levels by nost 
criteria. Alfalfa tissue samples from these soils were low in CU but 
not Zn based on u.s. criteria. Soils with less than 0. 7 ppm DTPA-cu 
prod.uced brornegrass with undesirably low CU content ( <. 4 ppm) for 
forage use. 
2.2 Alberta 
Little if any work has attempted to establish local criteria 
for micronutrient recommendations in Alberta. The provincial 
laboratory uses published criteria (mainly from Western u.s. states) 
in interpretive work. 
I:Xldas. and Pawluk (1977) surveyed the heavy metal content of 
some Alberta soils and cereal crops. Some low plant Cu, Mn, and Zn 
levels were found., but these were not related to tel-extractable soil 
levels. Ii::M Se soils have been identified, based on grain and forage 
Se levels (D.L. Massey and P.J. Martin, Selenium Soil-Plant Animal 
Relationship. l!gri-SCieoce. Plant Industry Division, Alberta 
Department of Agriculture) •. · Selenium is not essential to crop growth, 
though it is required by animals and can be both toxic and deficient. 
2. 3 Saskatchewan 
The SaskatChewan Soil Testing Laboratory also uses 
interpretive criteria based nostly on published American work (Table 
2) • . 
A survey of micronutrients in wheat, oats, and barley variety 
trials throughout Saskatchewan was conducted in 1966 and 1967 (Stewart 
. 1969). Plant micronutrient levels were related to those in the soil 
extractable with tel, NHi~::, and EDTA-(NH4)2 co3, and to other soil 
properties. Generally, plant levels did not correlate well with 
concentrations in soil extracts (r<0.6). Some relationships were 
shown between soil properties and micronutrient cations in certain 
extracts, the chelate extractant being most consistent. Multiple 
regression analysis related plant micronutrient levels to other soil 
propertie2 as well as levels in extracts. Coefficients of determi-
nation (r ) were up to about 0. 7, for CU and Zn in barley and wheat, 
showing that consideration of soil properties may be beneficial in 
interpretation of micronutrient. soil test data. Similar work related 
the Zn content of cereals to soil Zn extractable by NHi•.c, DTPA, and 
EDTA, with DTPA-Zn giving the highest correlations (Stewart and Tahir 
1971) • Since chelate extractable Zn was predictable from soil survey 
information, the use of such data in prediction of possible Zn 
deficiency areas was suggeSted in areas where soils are derived from 
relatively uniform parent material. There was evidence that the 
critical Zn level in oats was less than the generally. accepted value 
of 20 ppm. 
Boron in wheat but not in alfalfa was related to hot water 
soluble B in an: early greenhouse study using saline and nonsaline 
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soils of southeastern Saskatchewan (Werkhoven 1964). Addition of B 
fertilizer did not affect yields. Gupta and Stewart (1975) found 
NH4Ac extractable soil B to be as good an indicator of plant-available 
B as hot water soluble B was. 'lbe former was chosen for Saskatchewan 
Soil Testing Laboratory use because it was more convenient and reli-
able analytically. However, deficiency levels for the NHAAc test were 
estimated only from published hot water test levels and tne relation-
ship between the amounts of soil B extracted by the two tests, so 
locally derived critical levels were not established. Procedures for 
autanated determination of B in solutions using azomethine-H were 
published (Gupta and Stewart 1978). 
Copper deficierx::ies in cattle in eastern Saskatchewan 
prompted a survey of Cu and Mo status of pastures in that area in 1976 
(Stewart and Racz 1977). DTPA-cu (0-15 em depth) correlated 
reasonably well with plant cu, but plant Mo was unrelated to (NH4) 2co3 
extractable soil Mo. DTPA-cu did not predict plant CU at all in tne 
second year of the study. '!his was attributed to much wetter growing 
conditions in the second year (Stewart et al. 1979). Under growth 
chamber conditions DTPA-cu and anion excheiD3e resin extractable Mo 
were highly correlated with the corresponding levels in bromegrass (r 
= .86 and .84, respectively). Thus the value of the two tests was 
supported, but critical levels were not established because yields 
were not irX:reased with CU or Mo fertilizers on any of the soils used. 
The CU;Mo problem in cattle feeds was also shown in northwestern 
Manitoba (Lillie and Drysdale 1976). D:Jyle and Fletcher (1975) found 
plant Mo to be unrelated to total soil MD in western Manitoba. 
Although correlations between plant and total soil micronutrient 
contents are rarely very good, some utility of geochemical surveys in 
delineating regions of possible micronutrient problems has been 
suggested (Doyle and Fletcher 1979). 
A survey of the Mn content of oat leaves in Saskatchewan and 
Manitoba showed a clear relationship of the parameter to DTPA 
extractable soil Mn (Martens et al. 1977). Critical levels were not 
established, though many Manitoba and a few scattered Saskatchewan 
sites had less than 15 ppm Mn in oat tissue, the level at which gray 
speck disease symptoms appear. 
In general, Saskatchewan studies have shown the existing soil 
micronutrient tests to have some validity, though success has been 
inconsistent. Regular soil . survey data may assist in delineating 
soils with potential deficiencies. As present deficiencies have not 
been confirmed, local plant or soil criteria for their identification 
have not been derived. 
2.4 Manitoba 
Micronutrients, Zn and CU in particular, have been somewhat 
more extensively studied in Manitoba. Thus, some local criteria for 
the established micronutrient tests have been developed, and relative 
effectiveness of forniS and placements of fertilizers has been investi-
gated. Copper deficiency on an organic soil, as indicated by response 
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of onions and carrots to· applied cu, has· been known for a.l.lrost 20 
years (Campbell and Gusta .1966) • 
Racz and Hqluschak. (1970) and Smid and Spratt (1974a, b) 
looked at nutrient and. fertilizer interactions in selected soils. 
Several treatments and interactions affected plant nutrient levels, 
especially under growth chamber or nutrient culture conditions and 
when phosphorus (P) was a variable. However,. yields were not affected 
by micronutrient levels or applications. There was evidence that the 
accepted critical level for Zn in corn o~ 20 ppm was too high under 
conditions used (Smid and Spratt 1974b) , but also that certain soils 
were or could become .deficient in zn for optimum production. A survey 
of Manitoba corn crops in 1974--75 indicated that a large proportion of 
them were Zn deficient based on American criteria (Sadler and Fehr 
1975). Bailey (1976) reported fababean yield increases due to Cu and 
Mo applications in certain soils, though the data did not appear 
conclusive. 
In growth chamber studies with Manitoba soils, CU and Zn 
sulfates Were nost effective when miXed throughout the soil. Critical 
Cu and Zn levels in six week Old barley Shoots were 5 .. 2 and 12.5 ppm, 
respectively (Akinyede 1977). The Zn level for seven week old black-
bean shoots was 13.5 ppm (Hedayat 1977). 
!()ewen-Rudgers et al. (1978) found that the critical DTPA-cu 
soil .level for barley was at least 0.56 ppm, since barley yield on a 
Soil with that Cu level responded to CU fertilization in the field and 
growth .chamber. HoWever, soils with lower DTPA-cu levels were used in 
the following two years but responses were not obtained. They also 
reported that the chelate Na2cu-~ was five times as effective as 
CuSO 4 in increasing Cu uptake by barley. Large cereal yield responses 
to CU fertilization occurred on organic soils in 1978. Barley took up 
Cu nost efficiently, so was rost resistant to deficiency. CU 
deficiency was considered likely to occur on organic soils, but was 
still in question on sandy mineral soils. 
In a greenhouse experiment critical plant and DTPA soil Zn 
levels .were 13 and 1.3 ppm, respectively, for eight-week old flax 
(M=Gregor 1972, as cited in Icewen-Budgers et al. 1978). As with CU, 
yield response to Zn has been in:::onsistent. For exarrple, a blackbean 
yield response to Zn addition occurred in one year on two high-lime 
soils with levels of 1.0 and 1.4 PP1J1 DTPA-Zn, but not in the two 
following years when DTPA-Zn was lower. Corn did not respond on soils 
with Dl'PA-Zn levels of 0. 7 and 1.1 ppm. Despite DTPA-Zn levels 
ranging from 0.3 to 1.2 ppm in a clay laom soil, wheat, oats, barley, 
flax, and rapeseed in the field did not Show a yield response to added 
Zn during three years. On a similar soil with 0 .;45 ppm DTPA-Zn, beans 
responded to Zn fertilization in the greenhouse, while buckwheat and 
rapeseed did not. Barley benefitted from added Zn at DTPA soil levels 
up to 1.0 ppm~ · Chelated Zn (e.g. Na2zn-EDTA) was nore efficient (2.5x) than zinc sulphate (ZnS04), afid znS04 was used nore effectively 
when mixed throughout the soil rather than 15anded for nost cereal 
crops. With barley, however, seed placement was effective; even if 
ZnS04 granules were used. It was estimated that Zn deficiency was 
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unlikely to occur in Manitoba cereal crops, but there was a possi-
bility that it could occur in rrore susceptible crops. 
Copper and zinc critical levels were estimated from field and 
growth chamber studies over the past few years. Less than 10 Pfii1 Zn 
in blackbean tissue at early flowering indicated a deficiency. The 
critical level for Cu at early pod formation in the same crop was 3.8 
ppm in the plant and 0.3 ppm JJI'PA-cu in the soil (M::Kenzie 1979). The 
order of decreasing toleran:e of plants to low soil Cu was rapeseed-
barley-oats-wheat-flax, with critical plant levels of 2. 7, 3. 7, 2.5, 
4. 9, and 3. 5 wm., respectively, 43-52 days after seeding (r-tAndrew 
1979). Field s.tudies indicated a critical soil DTPA-Zn level of less 
than 0.8 ppm for cereals and oilseeds, and based on this value it was 
thought that a Zn deficiency is not likely to occur in oilseed and 
cereal crops in rrcst Manitoba soils. In organic soils, however, a 
critical DT.PA-cu level of 1-2 ppm was suggested. Incorporation of Cu 
and Zn sources after being sprayed on the soil in solution was an 
effective form of supplying these elenents. 
The importance of Cu application to organic soils, especially 
for wheat, was also indicated from v;ork carried out by 'IbkarchUk et 
al. (1979). In this v;ork it was noted that barley, wheat, and rape-
seed grown on organic soils also had low Mn levels, and responded to 
Mn foliar sprays. However, these results were contrary to earlier 
v;ork in which oats did not benefit frcm MnSO 4 applications (Loewen-
Rudgers et al. 1978). Similarly; several tests with foliar applica-
tions of FeS04 to beans, soybeans, arXl flax showed no Fe deficiencies. 
Tests carried out the following year again showed wheat and 
barley to be responsive to Cu addition in organic soils (Reid and Racz 
1980). Boron fertilization increased barley yield at one site. 
Seed-placed Mn raised tissue Mn levels rrore so than when broadcast, 
whereas foliar applications were ineffective. Year to year variations 
in yield and tissue minor elenent levels were emphasized. 
In Manitoba then too, micronutrient soil tests have proven 
useful but not consistent. Known deficiencies (for CU in particular, 
but also Zn) have permitted study of micronutrient critical levels in 
plants and corrective measures. Critical soil and plant levels 
established elsehwere have not proven to be reliable indicators of 
deficiencies. 
3. Micronutrient Deficiencies in United States Areas Bordering 
western Canada . 
American and world literature is not reviewed here in detail 
as comprehensive texts exist (Mortveldt et al. 1972, Aubert and Pinta 
1977, Kubota 1980) , but a few survey results fran Northwestern and 
Great Plains regions of the United States will be noted. Micro-
nutrient deficiencies were surveyed by the Soil Testing Committee of 
the Soil Science Society of America (1965) from experimental station 
data. Boron deficiencies were recorded for legumes and tree fruits in 
Oregon; for tree fruits in central Washington and alfalfa in light or 
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levelled soils of that state; for alfalfa and fruit in sandy granite 
soils of. Montana; for legumes in Idaho; for sugar beets on sandy South 
Dakota soils; and for alfalfa on acidic ·Minnesota soils low in organic 
matter. Insufficient Fe was available to legumes on alkaline Montana 
soils; to flax and soybeans on poorly drained South Dakota soils with 
high organic matter, salts, and pH; to flax and soybeans on high-lime 
Minnesota soils;. and to fruits and ornamentals in certain soils of 
nost states •. · Barley and fruit trees from parts of Oregon had low Mn 
levels. Eastern Washington soils were loW .in MJ. for legume growth. 
All the above states plus North Dakota had areas of Zn deficiency, 
mainly with reference to corn but: also for fruits, potatoes,. and 
legumes. calcareous soils, espec:ially if eroded or levelled, were 
most often involved. 
The u.s. Dept. of Interior Geol<Jg"ical Surveys reported the 
total content, extractability, and native plant uptake of elements in 
NOrth~rn Great Plains soils. Correlations between plant uptake and 
chemical· extractability .from· soil varied widely with species, even 
cultivars, and S<?il f~ctors2 (Severson et al. 1~77). Though no extract 
gave close r·elatlonshlps (r · < 0 .50) , elements l.n DTPA extracts of 
groond soil best related to plant availability. Plant uptake of 
elements was more often related to pH than to other soil properties • 
. When plant element contents were related to soil extractable elements 
and other soil properties, DTPA extracts of un:Jround soils were rost 
efficient. Even this technique predicted levels of plant nutrients of 
concern here only poorly when only corrm:mly measured soil properties 
·were enployed •. Soil grinding affected amounts of Fe, M:J, and Mn 
extracted by DTPA. ·Results of later work were similar (Gough et al. 
1978). 
4. Potential Problems in westerq canada 
Based on ·analysis of the areas or conditions under which 
problems may exist (Aubert and Pinta 1977, Kubota 1980), as well as 
results of local and other research, the micronutrient deficiencies 
nost likely to occur or develop in Western canada are: 
i} inadequate availability of soil B, M:J, Mn, Fe, and Zn for fruit 
culture in B.C., and also for these crops in the Prairie 
Provin~es, depending on the degree to which the soil is sandy, 
acidic, and leached; · 
ii) B deficiencies in sensitive crops (root crops, horicultural 
crops, alfalfa, crucifers) most likely where soils are sandy or 
organic, acidic or calcareous, and leached, as alon:J parts of 
the northern limits .of cultivation; 
iii) · Cu-deficient horticultural crops, alfalfa, and wheat on organic 
soils, particularly those underlain by calcareous material; 
iv) low MJ availability for growth of crucifers on very light, 
leached, acid soils only; 
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v} scattered occurance of Mn deficiency in poorly drained non-acid 
soils in some years, especially for oats, legumes, and 
horticultural crops; 
vi) Fe unavailability to many horticultural crops on alkaline soils 
which are sandy or organic; 
vii) Zn deficiency for corn and legumes on calcareous soils, 
especially where the soils are eroded or have been graded; also 
for specialty crops, as in the fruit-growing areas of B.C.; 
viii) · deficierx::ies of Zn and Cu, and possibly B and ~, for crops 
with high requirements for these, on light irrigated soils. 
Micronutrient toxicity is unlikely to limit crop growth in soils in 
Western Canada, though soils with high ~ and Se availability may 
produce feeds with toxic levels of these elements for cattle. 
Of the ~e possible deficiencies, only a few have been 
clearly shown to occur in the field by yield irx::reases due to micro-
nutrient fertilization. Even in B.C. fruit production deficiencies 
are diagnosed largely on the basis of symptomology rather than yield 
or growth measurements. However, these parameters are difficult to 
measure in perennial tree fruits, and the industry is considered 
dependent on regular micronutrient use (Ashby 1969). Other confirmed 
yield responses are limited to applied B for B.C. alfalfa, corn, and 
some vegetables (D.A. M:::Coy, B.C. Soil Testing Lab., personal ccmnuni-
cation), and CU for ·several crops on organic soils of Manitoba and 
coastal B.C. Legumes on calcareous Manitoba soils have given yield 
responses to Zn · in the growth· chanber but few reports document yield 
responses in the field. Plant nutrient uptake responses to micro-
nutrient fertilization can often be obtained while yield is unaffec-
ted. Yield responses in the field are notoriously inconsistent fran 
year to year, and highly crop and soil specific. Copper deficiency 
symptans in cereals on organic soils in Saskatchewan have been 
·observed, but not confirmed (J.L. Henry, Soils Dept., Univ. of Sask., 
personal cammunication). 
5. Suggested· Strategy for Soil Testing Latoratories and Research 
In the short term, research and development imperatives are 
simple in light of the early stage of micronutrient research in 
Western Canada. Sanpling and laboratory methods must initially be 
standardized and checked for accuracy, analytical suitability, and 
contamination problems. Extensive field surveys are then required to 
identify areas and soils where deficiencies exist. 
Micronutrient analytical methods are already reasonably con-
sistent across Western Canadian public laboratories (Table 1). All 
use Lindsay and Norvell's (1978) DTPA extraction for the micronutrient 
cations CU, Fe, Mn, and Zn. The test is well-accepted, theoretically 
sourrl, and suited to the calcaerous soils in which some deficiencies 
are most likely to occur. Generally, micronutrient cation uptake by 
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plants has correlated as well or better with the cations in DTPA 
extracts than with those in other extracts. Until rrore soils with 
known micronutrient deficiencies are identified, the usefulness of the 
DTPA extraction as a soil testing tool cannot really be tested 
locally, though there ~az;s to be no gsxXI argument against its use. 
· DTP~ with NH4:a:o3. for simultaneous extraction of micronutri7nt 
catJ.ons, P, ca, M3, Na and K. (Sol.tanpour and Schwab 1977) mJ.ght b.e 
employed if high priority is given to large-scale micronutrient 
surveys baSed on farm soil samples entering public laboratories and 
plasma-arc instrurrents are used for analyses. However, disadvantages 
to this rrethod include the instability of the extractirg solution, use 
of carbon black, and the need for recalibration of results (for P and 
micronutrients in particular). 'Ihe advantage of Soltanpour and 
Schwab's method is that it can determine both macro and micronutrient 
fertilizer elements with the exception of N and possibly S with one 
extraction and analyze them simultaneously in a few seconds. 
Cbviously the economics of this method coupled to· the availability of 
ICPS instruments means that all laboratories should be comparing 
methods .for .NaH:03 .. ot NH4Ac extractable P, ca, M;J, K and Na, and 
DTPA-Zn, cu, Mn ana Fe, with the DTPA":'NH a:::o method. . 'Ihis VJOU.ld 
allow them to make a decision on using 1Ji.PA-~4:a:o3 extractions based 
on their own data. · 
Careful control of extracting conditions is essential if 
. contamination is to be avoided. Details of sample preparation and 
extraction must be precisely duplicated for results of the DTPA test 
to be consistent a.rtPng laboratories. For exanple, eight American 
state labs which analyzed the same nine soil sarnples reported up to 
six-fold differences in Cu and fcur-fold differences in Zn for iden~ 
tical samples (Lamborn 1971, as cited in Viets and Lindsay 1973). 
EKtraction is· affected by time and force of soil gr irrling, type and 
· speed of shaker, filtering time, type of extraction vessel (Soltanpour 
et al. 1976) , shaking time, rtr.PA concentration, pH, temperature 
(Lindsay and Norvell 1978), and wetting and drying (Khan and 
Soltanpalr 1978}. Sirx::e only a few labs are involved in western 
Canada it should be possible to standardize the DTPA test in every 
·detail so that research results have rrore general applicability, an 
alternative considered impractical by Soltanpour et al. {1976) on a 
larger scale. 'Ihe benefits of standardization of techniques and 
occasional sample exchanges arrong· labs of coorse apply to other 
analyses as well. 
'Ihe value of standardization of the :a test is debatable, since 
B deficiencies are not likely to be of much significance outside of 
B.C. 'Ihe NH4.Ac extraction procedure. (Gupta and Stewart 1975) may be 
easier to duplicate anong laborat:ories; but is less well known and is 
not backed up by the volume of. research recorded using the hot water 
eXtraction. Hot water extraction methods presently in use vary some-
what. 
Standardization of the r-D availability test is not a problem, 
as only the Saskatchewan pr011incial lab offers such a test. 'Ihe 
methc:d used, employing an anion exchange resin, is theoretically and 
analytically satisfactory (Reisenauer et al. 1973) but is quite .time 
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consumin:J. This test as well as the rore p:>pular acid anm:>nium 
oxalate extraction has sometimes been reported to correlate with yield 
or with plant rvb uptake (Karimian and Cox 1979). However, it does not 
accurately reflect the availability of soil;~ over a wide ran:Je of 
soil properties (Reisenauer et al. 1973). Very limited growth chamber 
work showed the resin test to have some utility in Saskatchewan soils 
after sodium rolybdate fertilization (Stewart et al. 1979), but rvb 
tests are in general unproven locally. A hot water extraction (Lowe 
. arrl Massey 1965) would be convenient if the same extract could be used 
in the B test, but procedures as originally proposed are not identi-
cal. Again, there is the problem of verifying a nutrient availability 
test when no local soils known to be deficient are available. 
Plant analysis metha:ls vary somewhat am::mg laboratories (e.g. 
¥Jet vs. dry ashirg for certain elements) (Table 1). Sirce total 
anounts of elements are determined, one might expect goa:l agreement 
am:>ng laboratories and metha:ls. However, great care must .be exe:~;­
cised; there was considerable variation in results from several 
American laboratories which analyzed identical plant samples for total 
nutrient element concentrations (Watson 1981) • Micronutrients 
generally showed highest relative variations withB arrl Fe bein:J 
particular problems. rvblybdenum was not determined in the latter 
study. 
Sample exchan:JeS and routine use of plant material standards 
should point out prcblems in plant aru:~,lysis techniques. Effective use 
of results require an accuracy of about ±10-15%. Verifying the 
accuracy of individual methods should be rrore irrportant than standard-
ization of methods anong labs, though the latter would also be not 
difficult to achieve. Effectiveness of the digestion methods is often 
implicated in variability of results. 
Exchan:Je of digests and extracts arrong labs may point out 
analytical technique problems. Use of inductively coupled plasma 
spectroscopy is becoming pcpular, while atomic absorption and color i-
metric determinations are also in use (Table 1). 
Hamilton (1980a, b) discussed soil trace element analysis at 
length, ircludin:J quality control and sources of contamination. Plant 
and soil sampling is often carried out by people unaware of proper 
procedures and sources of contamination, so recommended sampling and 
packaging procedures should be made available. In Western Canada rrost 
soil testing laboratories ¥Jere set up primarily for, and still work 
rrostly with, macronutrient analysis. Thus the existing equipment, 
methods, and environment may be inadequate, and personnel not properly 
trained, to prevent contamination or do accurate analyses in the 
sub-ppm range. 
Delineation of areas or soils with micronutrient deficiercies 
initially requires extensive crop survey information, along the lines 
of studies reported by Stewart (1969) and Sadler and Fehr (1975). 
Known relationships between extractable or plant-available micro-
nutrients and soil properties, together with existing regular soil 
survey information, could suggest possible problem soils for rrore 
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intensive sampling. Results of micronutrient tests run to date on 
farm samples should also. serve as a guide ·in s~te selection. Exten-
sive surveys v.;ouid consist of paired plant and soil samplings and 
analyses. Yield trials at sites of suspected problems would then be 
needed to verify soiPtestihg methcrls and determine critical levels 
for local crops and soils. Many such sites could be used since full 
scale test plots would not be necessary~ Strip applications of 
micronutrients in farm fields prior to seeding, and paired yield 
sampling, ¥.OJ.ld be adequate to detect responses. Unless sites are 
found on which yields respond to micronutrient fertilization it is 
difficult to fairly judge the merits of soil test methcrls or place 
much confidence in critical. levels being quotec:i for plants and soils, 
especially the latter. 
The usefulness of plant analysis, especially in the initial 
stages of a survey and before soil test methcrls are verified locally, 
cannot be overemphasized. Several reviews of plant analysis are 
available (Walsh and Beaton, eds. 1973, Dinauer, ed. 1967, Jones 
1972). A plant tissue analysis guide, including sampling details, is 
published in Manitoba (K. ·. t.t:Gill, Plant Tissue AnalysiS; Manitoba 
Agriculture Farm Facts, Agdex 53:-1, March 1981). The B.C. Ministry of 
Agriculture outlines leaf samplirg in orchards in its Tree Fruit 
Prcrluction Guide for Interior Districts, 1981, and also distributes a 
leaflet entitled "Leaf. Analysis for Greenhouse Vegetable Crops" 
(1977). .At present, critical levels used in interpretation of plant 
analySes are probably nore dependable than those used for soil 
analysis. Plant critical levels too are in need of local verifi-
cation, a task on wJjich some tNOrk has been done in Manitoba. 
6. Conclusions and Recanmendations 
... -~~=~~= 
Soil and plant analyses for micronutrient deficiencies are, 
with a few exceptions, relatively new and. untested procedures in 
western Canada. The tests, interpretive criteria, and analytical 
methods are mostly still in need of verification locally, and the 
micronutrient .status of our soils is known only in the very broadest 
of senses. In this light, the following are suggested for 
consideration: 
1) Standardization of micronutrient test procedures across Western 
Canadian laboratories. Procedures must be precisely identical, 
particularly for the DT.PA test, if research results are to have 
general applicability. 
2) ·Review of conditions, instrumentation, and personnel training 
in individual laboratories where micronutrient work is done, in 
considerationof the special requirements for these analyses 
(accuracy, prevention of contamination) ; sample exchan:Jes and 
use of "standard" soils and plants to maintain accuracy. 
3) · Correlate results of presently used tests to those from the 
combined micro- and ffiacronutrient test employing theextractant 
NH4a:o3 + DTPA (Soltanpour and Schwab 1977). Routine use of 
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this extract for farm samples oould give much information about 
the micronutrient status of soils at minimum cost, particularly 
if coupled with ICPS techniques. 
4) Use of present information, soil survey in particular, to 
predict soils with potential deficiencies, followed by exten-
sive paired plant/soil-sampling and analysis, and use of simple 
fertilizer response trials on an even more selective basis. 
Yield trials are essential to derive valid local test criteria. 
5) Surveys should be carried out of farmers who have used 
micronutrients. 
6) Testing. of the relative merits of 0-15 em vs. deeper sampling 
for micronutrient soil tests, especially for the anions (B and 
Mo) which nove more freely than micronutrient cations in soil. 
7) Emphasis of the need for ongoing field surveys and research (at 
least four years) due to the high degree of year to year 
variability in available micronutrient levels and crop 
· responses to them. 
References 
AKINYEDE, F .A. 1977. Effect of rate and methcd of placement of CuSO 4 
and ZnS04 on dry matter yield and nutrient uptake of barley. 
M.Sc. Thesis; ·Dept. of Soil Science, University of Manitoba. 
ASHBY, D.L. 1969. Micronutrients in fruit trees. Report of the 
Meeting of the Western Section of the National Soil Fertility 
Ccmnittee. &hronton, Alberta, February 13-14, 1969. 
AUBERI', H. and M. PINI'A. 1977. Trace Elements in Soils. Elsevier 
Sci. Publ. Co. , Oxford. 
BA.ILEY, L.D. 1976. Nutrient requirements of fababeans. Paper 
presented at the 20th Annual Manitoba Soil Science Meeting, 
University of ~~itoba. December 8-9, 1976. 
BHELLA, H.S. and M.D. DAWSON. 1972. The use of anion exchange resin 
for determining available soil molybdenum. Soil Sci. Soc. Am. 
Proc. 36: 177-179. 
CAMPBELL, J.D. and L.V. GUSTA. 1966. The response of carrots and 
onions to micronutrients on an organic soil in Manitoba. Can. 
J. Plant Sci. 46: 419-423. 
DINAIJER, R.C., ed. 1967. Soil Testing and Plant Analysis. Part II. 
SSSA Special Publ. Series N::>. 2. Soil Sci. Soc. .Amer., 
Madison, Wis. 
- 159 -
OOYI.E, P.J. and W.IC PI.EnaiER. · 1977. Molybd~num ccnt.~nt of bedrock, 
soils, and vegetation and the ir:cidence of copper deficiency in 
cattle in Western Manitoba. Ch. 3 in W.R. Chappell et al., 
eds. Molybdenum in the Ertvirorunent, Volume 2, The gecchernistry, 
cycling, and industrial uses of nolybdenum. Marcel Dekker 
Inc., New York. 
OOYLE, P.J. and W.K. FLE'IQiER. 1979~ Regional gecx::::hemical mapping in 
areas lacking surface drainages: Cu, Fe, Mn, and Zn content of 
011erburden and soil in south-central Saskatchewan. can. J. 
Earth Sci. 16: 1086-1093. 
IlJDl.\8, M.J. and s. PAWWK. 1977. Heavy metals in cultivated soils 
and in cereal crops in Alberta. Can. J. Soil Sci. 57: 329-339. 
GOOOH, L.P., J.M. M;:NFJU. and R.C. SEVERSON. 1978. Availability of 
elements in soils to native plants, Northern Great Plains --
Assessment of new data. u.s. Department of Interior Geological 
Survey. ·. GeolOCJical Survey of the Western Energy Regions. 5th 
Annual Progress Report. 
GUPI'A, u.c. 1979~ Boron nutrition of crops. Arlv. 1\gron. 31: 
273-307. 
GUPI'A, S.K. and J.W.B. STEWART. 1975. The extraction and 
determination of · plant-available boron in soils • 
. Schweizerisehe landwirtschaftliche Forschung 14: 153-169. 
GUP!'A, S.K. and J.w.B. ST.E.WAR'l'. 1978. An automated prccedure for 
determination of· boron in soils, plants, and irrigation waters. 
Schweizerische landwirtschaftliche Forschung 17: 51-55. 
HAMIL'IDN, E.I. 1980a, b. Analysis for trace elements. I: Sample 
treatment and laboratory quality control. II: Instrumental 
analysis •. ·Pages 21-68 and 69-130 in B.E. Davies, ed. Applied 
Soil Trace Elements, Ch. 2 and 3. John Wiley and Sons, Great 
Britain. 
HEDAYA'l', M.M. 1977. The effect of zinc rate and metho:i of placement 
on yield and zinc utilization of black beans and fababeans. 
M.Sc. Thesis. Dept. of Soil Science, University of Manitoba. 
JOHN, M~K. 1972. Influence of soil properties and extractable zinc 
on .zinc availability. Soil Sci. 113: 222-227. 
JOHN, M.K. 1974. Extractable and plant-available zinc in horizons of 
several Fraser River alluvial soils. can. J. Soil Sci. 54: 
125-132. 
JONES, J.B. 1972. Plant tissue analysis for micronutrients. Pages 
319-346 in J .J. M::lrtveldt et al., eds. Micronutrients in 
1\griculture, Ch. 14. · Soil Scieoce Society of America, Inc., 
Madison, Wisconsin. 
- 160 -
KARIMIAN, N. and F.R. cox. 1979. r.t:>lybdenurn availability as 
predicted from selected soil chemical properties. Agron. J. 
71: 63-65. 
KHAN, A. and P.N. SOLTANPOUR. 1978. Effect of wetting and drying on 
DTPA-extractable Fe, Zn, Mn, and Cu in soils. Conmun. Soil 
Sci. Plant Anal. 9: 193-202. 
KOBOTA, J. 1980. Regional distribution of trace element problems in 
North America. Pages 441-466 in B.E. Davies, ed. _Applied Soil 
Trace Elements, Ch. 12. John Wiley and Sons, Great Britain. 
LAMBORN, R.E. 1971. Soil test precision among nine western states. 
Pages 148-156 in Annu. Pacific NW Fert Conf., Proc. 22rrl 
(Portland, Ore:): Pacific Northwest Plant Food Association, 
Portland, Ore. (as cited in Viets and Lindsay 1973). 
LILLIE, L.E. and R.A~ DRYSDALE. 1976. Investigations into soil 
· related copper and molybdenum diseases of cattle in the north 
west region of Manitoba. Paper presented at the 20th Annual 
Manitoba Soil Science Meeting, University of Manitoba. 
December 8-9, 1976. 
LINDSAY, ~.J.L. ~ W.A2+IDRVELL"+ 1969. . Equilibrium relationships of 
Zn , Fe , ca , and H with EIJI'A and DI'PA in soils. Soil 
Sci. Soc. Am. Proc. 33: 62-68. 
LINDSAY, W.L. and W~A. NORVELL. 1978. Development of a DTPA soil 
test for zinc, iron, ~anese, arid copper. Soil Sci. Soc. Am. 
J. 42: 421-428. 
IDEWEN-ROI:GERS, L., D. ~and b. r.t::KENZIE. 1978. Micronutrient 
deficiencies in Manitoba crops.· Paper presented at the 22rrl 
Annual Manitoba Soil Scien::e Meeting, University of Manitoba. 
December 6-7, 1978. 
r.a-m, L.E. 1978. Survey of copper deficiency in soils of the Fort 
Fraser-Vanderhoof area. Report. Department of Soil Science, 
University of British Columbia. 
I.l:ME, R.H. and H. F. MASSEY. 1965. Hot water extraction for available 
soil molybdenum. Soil Sci. 100: 238-243. 
MARTENS, J .W., R.I.H. r-tKENZIE and V.M. BENDEI:CW. 1977. Manganese 
levels of oats in western canada. can. J. Plant Sci. 57: 
383-387 0 
McANDREW, D.W. 1979. Copper and zinc nutrition of cereal and oilseed 
crops in Manitoba. M.Sc. Thesis. Dept. of Soil Science, 
University of Manitoba. 
~R, W.R. .1972. A study of copper and zinc status of some 
Manitoba soils. M.Sc. Thesis. Dept. of Soil Scien::e, 
. University of Manitoba. 
- 161 -
~KENZIE, D~B. 1979. The effect of N, P, K, Zn, Cu, and Fe on 
blackbean yield and quality. ·· M •. sc. Thesis. Dept. of Soil 
Science, University of Manitoba. 
OORI'VEI:YI', J.J., P.M. GIORDANO and .W.L. LINDSAY, eds. 1972. 
Micronutrients in l-¥griculture. ·Soil · Science Society of 
America, Inc., Madison, Wisconsin. · 
RACZ, G.J. and P.w. HALUSCHAK. 1974. Effects of phosphorus 
concentration on Cu, . Zn, Fe, and Mn utilization by wheat. Can. 
J. Soil Sci. 54; 375-367. 
REID, J.M. and G.J. RACZ. 1980. Effect Of Cu, Mn and B fertilization 
on yield and chemical composition of wheat and barley. Paper 
presented at the 24th Annual Manitoba Soil Science Meeting, 
· University of Manitoba. December 3-"-4, 1980. 
REISEN'AIJER, H.M., L~M. WALSH and R.G. HOEFI'. 1973. Testing soils for 
sulfur, boron,. nolybdenum, and chlorine• Pages 173-200 in L.M. 
Walsh and J.D. Beaton, eds. Soil Testing and Plant AnaiYsis, 
revised edition, Ch. 12. Soil Science Society of America, 
Madison, Wisconsin. 
SADLER, J .M. and P.B. FEHR. 1975. A survey of the macro- and 
micro--element nutritional status of. corn graving on Manitoba 
soils. Paper presented at the 19th Annual Manitoba Soil 
Science Meetingi University of Manitoba~ December 10-11, 1976. 
SEVERSON, R.C. , L.P.. GClJGH and J .M. ~. 1977. Avai~ili ty of 
elements in soils to native plaJ1ts, Northern Great Plains. 
u.s. Dept. of Interior Geological Survey. Geological Survey of 
the Western Energy Regions. 4th Annual Progress Report, July 
1977. ~n File Report 77-872. 
SEVERSON, R.C., J.M. ~ and L.P. GClJGH. 1978. 'lbtal and 
extractable element cc:::np<)sition of some northern Great Plains 
soils. u.s. Dept. of Interior Geological Survey. Geological 
Survey of the western Energy Regions. 5th Annual Progress 
Report. 
SMID, A.E. and E.D. SPRAT!'. 1974a. Yield and elemental composition 
of flax as influenced by residual P and P, Mn, Zn, Cu,and Fe 
fertilizer. Paper presented .at the 18th Annual Manitoba Soil 
Science Meeting, University of Manitoba. Decent>er 11-12, 1974. 
SMID, A.E. and E.D. SPRAT!'. 1974b. Yield and elemental catposition 
of corn· as influenced by P, K, Mn, Zn, and Cu fertilizer. 
Paper presented at the 18th Annual Manitoba Soil Science 
Meeting, University of Manitoba. December 11-12, 1974. 
SOLTANPOUR, P.N., A. KHAN and W.L. LINDSAY. 1976. Factors affecting 
DTPA-extractable Zn, Fe, Mn, and Cu from soils. Conmun. Soil 
Sci. Plant Anal. 7: 797-821. 
- 162 -
SOLTANPOUR, P.N. and A.P. SCHWAB. 1977. A new soil test for 
simultaneous extraction of macro- and micro-nutrients in 
alakaline soils. Canmun~ Soil Sci. Plant Anal. 8: 195-207. 
STEWART, J .w.B. 1969. · Micronutrients in Saskatchewan soils. Report 
of the Meeting of the Western Section of the National Soil 
Fertility Ccmnittee. Farronton, Alberta, February 13-14, 1969. 
STEWART, J.W.B., J.O. M)IR and V.J. RllCZ. 1979. Recent VJOrk on 
copper and rrolybdenum in pastures and soils in Saskatchewan. 
Prcx:::eedirgs of the 1979 Soils and Crops WOrkshop, University of 
Saskatchewan, Saskatoon. 
STEWART, J .w.B. and v. RACZ. 1977. Copper and rrolybdenum states of 
pastures in eastern Saskatchewan. Prcx:::eedirgs of the 1977 Soil 
Fertility and Crops Workshop, University of Saskatchewan, 
. Saskatoon. 
STEWART, J.W.B. and M. TAHIR. 1971. Estimation of available zinc in 
prairie soils. Pro::. int. Syrcp. Soil Fert. Evaln., New Delhi, 
1, 1971. 
'roKARCH[.JK, J.M., G.J. RACZ and J.M. REID. 1979. Effect of cc:pper 
additions on the yield and chemical canposition of rape, 
barley, and wheat grown on organic soils. Paper presented at 
the 23rd Annual Manitoba Soil Science Meeting, University of 
Manitoba. Decerrber 5-6, 1979. 
VIErS, F.G. and W.L. LINI:SAY. 1973. Testing soils for zinc, copper, 
man:Janese, and iron. Pages 153-172 in L.M. Walsh and J.D. 
Beaton, eds. Soil Testing and Plant Analysis, Ch. 11. Soil 
Science Scx:::iety of America, Madison, Wisconsin. 
WALSH, L.M. and J.D. BEAIDN, eds. 1973. Soil Testing and Plant 
Analysis. Soil Science Society of America, Inc., Madison, 
Wisconsin. 
WATSON, M.E. 1981. Interlaboratory canparison in the determination 
of nutrient concentrations of plant tissue. Comnun. Soil Sci. 
Plant Anal. 12: 601-617. 
WERKHOVEN, C.H.E. 1964. Boron in same saline and nonsaline soils in 
southeastern Saskatchewan.· Soil Sci. Soc. Am. Prcx:::. 28: 
542-545. 
WOLF, B. 1971. The determination of boron in soil extracts, plant 
materials, canposts, manures, water and nutrient solutions. 
Canmun. Soil Sci. Plant Anal. 2: 363-374. 
